Proteins hydrolyzed from melinjo seeds (Gnetum gnemon) at green (GM), yellow (YM) and red (RM) stages of maturity were studied for their effectiveness in antioxidant and antidiabetic activities. The seed protein extract was hydrolyzed using alcalase 2.4L, and the resulting hydrolysates with the highest degree of hydrolysis, protein profile, and the most potent contributors to antioxidant and invitro antidiabetic activities were identified. The degree of hydrolysis value of hydrolysates ranged from 52-84%, and the SDS-PAGE protein profile showed two distinct bands in which the band with molecular weight of 30 kDa degraded more intensively. Antioxidant capacity was measured using different standard methods, including radical cation 2, 2-azinobis-(3-ethylbenzothizoline-6-sulphonate) (ABTS •+ ) assay, hydroxyl radical (OH • ), and superoxide anion (O 2 •-) scavenging. The green hydrolysate (GMH) had significantly higher (p<0.05) free radical scavenging (ABTS •+ , OH • , and O2 •-) activities than that of the yellow hydrolysate (YMH) and red hydrolysate (RMH). However, invitro antidiabetic testing was performed based on the inhibitory activity of α-amylase and α-glucosidase. GMH was found to be more effective than YMH and RMH. These results showed that the antioxidant and antidiabetic activity in hydrolyzed GM protein has high potential to be utilized as natural nutraceuticals.
Introduction
Melinjo tree (Gnetum gnemon L.) is a family of a Gnetaceae that is found in various regions in Indonesia, especially Sumatra and Java. 1 The indigenous people of Indonesia have used melinjo as vegetables or processed delicacies. Melinjo seed has been shown to contain 15-19% protein. 2 The seed extract contains some beneficial effects on human health. Several bioactive compounds are found in melinjo. The seed extracts contain various stilbenoids including trans-resveratrol (3,5,40-trihydroxytrans-stilbene), gnetin C (GC; resveratrol dimer), gnetin L (GCderivative), gnemonoside A (GCdiglucoside), gnemonoside C (GC-monoglucoside), and gnemonoside D (GC-monoglucoside). 3, 4 These compounds have been reported to have potential utilization as drugs or antibody, antimicrobial, pigments or even anti-inflammatory agents. 5, 6, 7 The seed extract may reduce uric acid and enhance lipid metabolism by escalating HDL cholesterol. 8 The side effects of the melinjo seed extract for human consumption have not been found by recent researchers. 9 According to Siswoyo et al., 10 the protein extract from melinjo seed possessed a very high antioxidant potential and was able to scavenge various type of free radicals. Protein hydrolysis of melinjo seeds can increase the ability of antioxidant and oxidative DNA damage protection activities. 4, 10 Therefore, it is necessary to further develop the use of melinjo both as a daily foods and as nutraceutical compound for human health. Recently, the use of natural substances in the development of nutraceutical compounds for human health is growing rapidly, primarily related to its role as an alternative to the use of chemical drugs that cause side effects on body health, such as Nerium oleander L 11 , Nigella sativa L 12 and Teucrium polium L, 13 which contain high antioxidant potential.
According the International Diabetes Federation (IDF), 14 there are 440 million cases of diabetes mellitus worldwide, and 87-91% of those cases are type-2 diabetes mellitus. Diabetes is caused by the increase of glucose to high levels, also known as hyperglycemia, which is directly involved in the process of free radical formation. 15 Furthermore, the high accumulation of blood sugar level will also lead to complications by forming free radicals in human cells. High levels of glucose in diabetics are caused by the role of α-amylase; therefore, one method to overcome the accumulation of glucose in the blood is by inhibiting the performance of these enzymes. The inhibition activity of α-amylase and α-glucosidase is needed to manage the blood sugar level in people with diabetes. 16 α-amylase and α-glucosidase are the key enzymes involved in starch breakdown into glucose that contribute to the increase of blood sugar level of diabetic patients. Inhibition of α-glucosidase is a therapeutic approach that aims to reduce postprandial blood glucose levels, 17 with the inhibition of the performance of α-glucosidase so that the decomposition of oligosaccharides and disaccharides into monosaccharides will be delayed. 18 Siswoyo et al., 10 also mentioned that the protein extract from melinjo seed indicated antihypertension activity through angiotensin I-converting enzyme (ACE) inhibition. The addition of the antioxidant compound for diabetic treatment will also help in reducing the possibility of complicated symptoms by scavenging the accumulation of free radicals in the human cell. This study is conducted to evaluate the double functions of melinjo seed as antioxidant and antidiabetic compounds based on the inhibitory activity of α-amylase and α-glucosidase. Melinjo seeds used in this study are derived from the different maturation levels (green, yellow, and red) of the seeds, which will be the most effective source of protein as antioxidants and antidiabetic compounds.
Materials and Methods Material
Melinjo seeds at various stages of maturity from green (GM), yellow (YM) and red (RM) were obtained from the experimental farm at University of Jember, East Java, Indonesia in April 2016 ( Figure 1 ). The reagents used in this study were as follows: 2, 2'-azino-bis (3-ethylbenzothiazoline-6sulphonic acid) (ABTS •+ ), Trinitrobenzene sulfonic acid (TNBS), bovine serum albumin (BSA), 2-deoxy-D-ribose, pyrogallol, 3,5-Dinitrosalicylic acid (DNS), ferric chloride solution (FeCl 3 ), hydrogen peroxide (H 2 O 2 ), Tertiary Butyl Alcohol (TBA), trichloroacetic acid (TCA), ethylenediaminetetraacetic acid (EDTA), alcalase 2.4 L FG (EC 3.4.21.62), α-amylase (30 U/mg), and α-glucosidase (10 U/mg) procured from Sigma-Aldrich, Singapore.
Protein Extraction and Hydrolysis
Protein extraction of melinjo seed samples was performed by grounding fresh seeds (1 g) N a 2HPO 4 (0.1 M, pH 7.0, 3 mL), followed by centrifugation (10.000 rpm, 4 o C, 15 min). Bradford method 19 was then used to determined soluble protein from the pooled supernatant. A portion of supernatant (5 μL) was added to a mixture containing aquadest (45 μL) and Bradford solution (950 μL). Absorbance was quantified by spectroscopy (Hitachi U-2900UV/ VIS) at wavelength of 595 nm, and the results were compared with BSA standard to determine the dissolved protein content.
Protein extract (200 μL) was added to the alcalase 2.4L and phosphate buffer (pH 8, 300 μL) to perform the protein hydrolysis. The mixture was then incubated at 50 o C for various durations (0-180 min), and the resulting mixtures were centrifuged (10.000 rpm, 25°C,10 min). The degree of hydrolysis (DH) is determined using the TNBS method, as mentioned by Adler-Nissen. 20 A portion of the sample (5 μL) was mixed with phosphate buffer (0.2 M, pH 8, 400 μL), TNBS (0.1%, 200 μL) and was then incubated (50°C, 30 min). The reaction was stopped by adding N a 2SO 3 (0.1 N, 400 μL) followed by cooling to room temperature prior to absorbance measurement at wavelength of 420 nm. The standard curve of L-leucine was used to determine amino acid concentrations. The percentage of DH is calculated by the following equation: DH (%) = h/htot x 100, where h = number of hydrolyzed peptide bonds and htot = the total number of equivalent protein peptide bonds.
Protein Profiling by SDS-PAGE
The profiling of protein hydrolysate from each seed (GM, YM, and RM) was determined using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) method Laemmli. 21 Protein extract (10 μg) from each sample was loaded into 15% polyacrylamide gel to perform the protein profile.
ABTS •+ (2, 2'-Azinobis 3-ethyl Benzothiazole-6-Sulfonic Acid) Radical Scavenging
The antioxidant activity was performed based on the ABTS •+ radical scavenging activity. The assay of ABTS •+ radical scavenging activity was conducted through the method as described by Re et al., 22 The ABTS •+ was generated by the reacting ABTS •+ aqueous solution (7 mM 
Hydroxyl Radical Scavenging
Hydroxyl radical scavenging activity was analyzed through the analysis described by Halliwell et al., 23 Protein extract (200 μL) was introduced with 2-deoxy-D-ribose (28 mM, 50 μL) in KH 2 PO 4 (20 mM, pH 7.4), EDTA (1 mM 100 μL), FeCl 3 (10 mM, 10 μL) H2O2 (1 mM, 10 μL) ascorbic acid (1 mM, 100 μL) and KH 2 PO 4 (20 mM, pH 7.4, 530 μL) and was incubated at 37 o C for 1 h. After the incubation, TBA (1%, 500 μL) and TCA (2.8%, 500 μL) were added to the solution followed by incubation for 30 minutes at 80 o C. The absorbance was measured at wavelength of 532 nm using a spectrophotometer (Hitachi U-2900UV/VIS). Glutathione (G-SH) was used as a positive control.
Superoxide Radical Scavenging
Superoxide anion radical scavenging was analyzed by Tang et al., 24 The sample (200 μL) was added into Tris-HCl (50 mM, pH 8.2, 1.7 mL), incubated for 10 minutes, supplemented with pyrogallol (10 mM, 100 μL) in HCl (10 mM), and measured by a slope for 1 to 4 minutes at wavelength of 320 nm. Glutathione (G-SH) was used as a positive control.
Antidiabetic Activity Assay
The antidiabetic activity of melinjo seeds was performed based on the inhibition of α-amylase and α-glucosidase assay. The α-amylase inhibition was assayed using DNS procedure according to Hashim et al., 25 with a slight modification. To the sample (100 μL), α-amylase (0.1 U/mL) in Na 2 HPO 4 (20 mM, pH 6.9, 150 μL) was added. The solution was pre-incubated for 15 min at 37 o C, followed by the addition of soluble starch (1%, w/v, 250 μL).
The solution was re-incubated for 15 min at 37 o C. Hydrolysis was quenched by boiling the solution for 1 minute. DNS reagent (50 μL) was then added to determine the reduction in total sugars and absorbance was measured with a microplate reader at a wavelength of 540 nm.
The analysis of α-glucosidase inhibition refers to the method by Miyazawa et al. 26 
Statistical Analysis
All the experimental results were analyzed statistically using standard deviation (±SD) and analysis of variance (ANOVA). The significant differences were determined by Duncan's test at p < 0.05.
Result

Degree of Hydrolysis
The degree of hydrolysis (DH) of protein hydrolysate (RMH, YMH, and GMH) increased rapidly with the increasing of time of hydrolysis. Furthermore, the hydrolytic activity of alcalase weakened gradually with time when the reaction was longer than 180 min. The percentage of DH from each sample at 180 minutes showed a different value, with the highest percentage in the RMH (84.33%), followed by YMH (68.59%) and GMH (52.35%), which had the lowest hydrolysis degree value. This result might be related to the enzyme ability in breaking peptide bond down in each different proteins.
Fig. 2:The degree of hydrolysis of melinjo seed protein (Gnetum gnemon) during hydrolysis using alcalase 2.4L. GMH (-o-), YMH (-♦-), and RMH (-•-)
Protein Profiling
The results showed ( Figure 3 ) two dominant proteins in the melinjo seed protein with molecular weights of 30 and 12 kDa. There are differences in these two dominant protein patterns before and after hydrolysis (180 minutes). The most noticeable difference is the pattern of proteins with a molecular weight of 12 kDa. The 30 kDa protein is degraded into a protein with a lower molecular weight; thus, it is not seen in the electrophoresis gel at GM, YM, and RM. This proves that the melinjo seed protein has been hydrolyzed to a simpler protein. Hence, an increase in the ability of antioxidant activity and the inhibition activity of α-amylase and α-glucosidase is expected.
Fig. 3: SDS-PAGE photograph of melinjo seed protein nonhydrolysate (GM, YM, and RM) and hydrolysate (GMH, YMH, and RMH) profile in different stages of maturation Free Radicals Scavenging Activities
The results of ABTS •+ radical reduction activities, hydroxyl radicals, and superoxide radicals in GM nonhydrolysate indicated EC 50 values of 0.33, 7.83 and 2.36 μg/mL and in GMH showed EC 50 values of 0.028, 0.05 and 0.11 μg/mL, respectively ( Table 1) . 
I n h i b i t o r y A c t i v i t y o f α -A my l a s e a n d α-Glucosidase
The results of the inhibitory activities of α-amylase and α-glucosidase in GM have IC 50 values of 18.68 and 10.86 μg/mL, respectively ( *IC 50 value (μg/mL) is the concentration of protein that inhibits 50% activity of α-amylase and α-glucosidase. Acarbose was used as positive controls. The values are the means (n=6) followed by standard deviation, and Duncan's test at p < 0.05, where the same letters in a row are not significantly different
Discussion
Various proteins are being developed in the nutritional field, one of which is a protein that acts as an antioxidant. 27 Antioxidants play a role in preventing cellular damage caused by free radical exposure. 28 Melinjo seeds are known to have a fairly high protein content of 15-18%. 2 Analysis of SDS-PAGE profile was performed to reveal protein distribution, which show antioxidant and antidiabetic activities. The results showed that the SDS-PAGE profile in melinjo seeds had molecular weights of 30 and 12 kDa. Both of these proteins were more dominant than other proteins. In hydrolyzed proteins, proteins with a molecular weight of 30 kDa were cut off by alcalase into simpler proteins so that they were not detected in an electrophoresis gel. Protein hydrolysis resulted in simpler protein yet increased protein solubility along with the increase of antioxidant activity ability. 29 The inhibition of free radicals, hydroxyl, and superoxide tests were carried out to confirm antioxidant potential in proteins derived from each stage of melinjo seed maturation. All stages of maturation showed antioxidant activity with an EC 50 value lower than 12.5 μg/mL protein (Table 1) . Valco et al., 30 reported that natural resources containing IC 50 values lower than 500 μg/mL have high potential as nutraceutical resources and antidiabetic agents. The hydrolyzed protein of melinjo seeds has antioxidant activity that is higher than protein before hydrolysis, reported by the research conducted by Siswoyo et al., 31 suggesting that proteins hydrolyzed using alcalase can increase the ability of proteins to ward off free radicals.
The increasing ability of hydrolyzed proteins in counteracting free radicals is related to the value of the DH, which is shown by the antioxidant activity 32, 33 The inhibition activity of ABTS2+, hydroxyl, and superoxide radicals from hydrolyzed and nonhydrolyzed protein may indicate their antioxidant activities in inhibiting free radicals. The result (Table 1) shows that the hydrolyzed protein has EC 50 values lower than nonhydrolyzed proteins. Hydrolysis proteins donate more electrons and hydrogen atoms from each active peptide that converts free radicals to more stable radical. 34 It can be stated that hydrolysis using alcalase will cause the formation of shorter peptides (tri-and dipeptide) and free amino acids. Thus, peptides become more hydrophilic and more easily inhibit hydroxyl ABTS and superoxide radicals. 35 Antioxidant compounds can contribute their hydrogen atoms into lipid radicals and convert them into stable forms as indicated by Valco et al. 30 Antioxidants can inhibit or prevent the automatic oxidation of lipids and oils, thus blocking oxidation reactions at the stage of initiation or propagation and balance of antioxidants and free radicals. 15 The inhibition of free radical activity is performed by amino acid donors which act as antioxidants. 36 Amino acid composition in proteins is limited by its tertiary structure because many of them have antioxidant potentials buried in the protein nucleus. Enzymatic hydrolysis proteins have been reported to increase antioxidant peptide activity and 20 amino acids found in proteins interacting with free radicals. 37 The ability of hydrolysis proteins to inhibit free radicals suggest its potency to be developed as an antioxidant resource to overcome diabetes. Diabetes can be associated with hyperglycemia, which causes glucose autooxidation, protein glycation, and the metabolic activation pathway of polyol, which can accelerate the formation of free radicals. 15 The formation of free radicals leads to diabetic complications, hence antioxidants are necessary.
Many approaches that have been developed to resolve diabetes are carried out, including enzymatic inhibition of α-amylase and α-glucosidase by certain proteins to reduce the level of glucose in the blood. 38, 39, 40 Protein peptides can donate their electron to bind to α-amylase and α-glucosidase, which can then inhibit the action of α-amylase and α-glucosidase on metabolic pathways. 41, 42 Acarbose is an α-glucosidase inhibitor that is commonly used to control postprandial blood glucose. It plays a role as a competitor and reversible inhibitor of small intestinal brush border glucosidase. It blocks the degradation of starch and sucrose, then delays the absorption of glucose and fructose in the alimentary tract. 43 This study shows that the protein from melinjo seeds has the potential to inhibit α-amylase and metabolic α-glucosidase with a similar mechanism as the actin of acarbose. Hydrolysis proteins have a very low IC 50 value compared to nonhydrolysate proteins. This hydrolysis changed protein into a simpler form in which its molecular size was more flexible and was able to interact with the active site of the enzyme showed by inhibition ability. According to Motyan et al., 44 inhibition of α-amylase and α-glucosidase was related to amino acids containing cationic and branching chain residues such as Tyr, Phe, Trp, and Lys, which increased due to hydrolysis using alcalase.
Conclusion
This study demonstrated that antioxidant and antidiabetic activities could be generated from melinjo seed protein using enzymatic hydrolysis. The green melinjo seed is a good source of protein, antioxidant and antidiabetic peptide. The melinjo seed protein hydrolysate prepared with alcalase has potential potency as nutraceutical source for human health.
